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This study aimed to report the frequency of MRSA among S. aureus isolates from patients in Makkah hospitals in Saudi Arabia and described the antimicrobial resistance profile of the MRSA isolates. 206 non-duplicated S. aureus clinical isolates were identified in the five main tertiary care hospitals in Makkah with standard microbiological methods. MRSA wer identified by Oxoid penicillin binding protein (PBP2′) latex agglutination test, and confirmed by the oxacillin-salt agar-screening test. The antimicrobial susceptibility of all MRSA isolates were assessed using a VITEK 2 Compact 15 identification system. MRSA was 55.3% and most frequently isolated from the intensive care unit 37%. Of the patients infected with MRSA, the majority were men 60%, and 25% were over 60 years old. Of the MRSA strains isolated, 41% were from skin and wound swabs. The resistance rates among MRSA isolates for penicillin G, oxacillin, and vancomycin were 100%, 100%, and 0.9%, respectively. Our results indicated that the prevalence of MRSA in Makkah hospitals was generally high. vancomycin, teicoplanin, and the oxazolidinone linezolid were considered the drugs of choice for the treatment of MRSA infections.
MRSA developed by multiple insertions of a staphylococcal cassette chromosome (SCCmec) into successful methicillin-susceptible S. aureus (MSSA) lineages (Aires and De LH, 2004) . The organism's resistance to antibiotics is due to the acquisition of the methicillin resistance gene mecA, which codes for the low-affinity penicillin-binding protein PBP2A, a transpeptidase (Jarvis et al., 2007) . Supported by the transglycolase domain of the native PBP2 of S. aureus, PBP2A maintains the biosynthesis of the cell wall, which is otherwise blocked in the presence of beta-lactam antibiotics (Grundmann et al., 2006 (Table 1 ). All clinical and microbiological outcomes were analysed using the IBM Statistical Package for Social Sciences Statistics 21.0 software (SPSS, Inc., Chicago, IL, USA). The significance of the differences in resistance rates was determined by means of the χ2 test and Fisher exact test for independence using the GraphPad InStat 3.0 software (GraphPad, Inc., San Diego, California, USA).
A statistically significant difference was defined as a p value of <0.05 and a 95% confidence interval. RESULTS Of the 206 of S. aureus pathogenic isolates, 114 (55.3%) were MRSA. MRSA was most frequently isolated from the intensive care unit (ICU) (37%), followed by the outpatient department (OPD) (19%), surgical ward (16%), and paediatrics ward (9%) ( Table 2 ). The majority of patients with MRSA infection were men (60%). Of the infected patients with this strain, 25% were over 60 years old, 15% were 41-50 years old, and 14% children that were less than a year old (Table 2) . Among the clinical specimens, 41% of the MRSA strains were isolated from skin and wound swabs (41%), 26% from sputum and tracheal aspirates, and 19% from blood (Table 2) . MRSA infections were distributed across 16 different nationalities. The majority of infected patients were Saudi (78.2%), followed by Pakistani (5.8%) and Yemeni (2.9%) ( Table 2 ). The resistance rates among MRSA isolates for penicillin G, oxacillin, and vancomycin were 100%, 100%, and 0.9%, respectively. Resistance to linezolid, teicoplanin, tigecycline, and mupirocin was not detected (Table 3) . ENT: ear, nose, and throat, ICU: intensive care unit, OPD: outpatient department, Ops/GYN: obstetrics and gynecology 
DISCUSSION
Between 1990 and 1996, the National Nosocomial Surveillance System (USA) identified S. aureus as the most common etiological agent of nosocomial infection, principally causing nosocomial pneumonia and surgical wound infections (Rubin et al., 1999) . Reports of MRSA infections are increasing worldwide. In Saudi Arabia, many institutions have reported an increase in the incidence of MRSA in recent years; other institutions have reported a variation in incidence. The present study found that 55.3% of S. aureus isolates were MRSA, whereas earlier studies conducted in the Jeddah hospitals showed a lower prevalence, with only minor variation between 6.5% and 8.9% at King Khalid National Guard Hospital (Zaman and Dibb, 1994; AlAnazi 2009).
We studied five main tertiary care hospitals in Makkah. MRSA was most frequently isolated from the ICU (39%), followed by the outpatient department (19%) and surgical ward (16%). In Korea, MRSA from tertiary hospitals accounted for 60-70% of all S. aureus isolates (Chong and Lee, 2000), and MRSA was more prevalent in an ICU setting than in non-ICU settings (Sista et al ., 2004) . This is because antibiotic usage is greatest in the ICU settings. Tyagi et al.(2008) found a high occurrence of MRSA in surgical wound infections, especially in neurosurgical and orthopaedics patients, a result of overcrowding, high workload, and understaffing of wards.
We found that the majority of patients with MRSA were men (60%). This is in agreement with the finding of Khanal and Jha (Khanal and Jha 2010), who explained that men might be more likely to contract community-acquired infections because of their involvement in outdoor activities. Lack of knowledge, comparative over-use of antibiotics without prescription, and failure to complete the prescribed treatment course among the men might have led to more men having MRSA than women. In this study, 25.7% of patients with MRSA infections were over 60 years old, 15% were 41-50 years old, and 14.1% were children less than 1 year old. This is in agreement with the findings of Madani, who reported that 36% of MRSA infections at King Fahad Hospital (KFH) in Jeddah occurred among patients over 60 years old [17] . In our study, 27.6% of MRSA infections occurred in the 31-60 age group. Madani et al. (2001) reported higher numbers at King Abdulaziz University Hospital (KAUH) in Jeddah and KFH in Jeddah (33% and 46%, respectively). Of the MRSA strains isolated in this study, 41% were from wound and skin swabs, 26% from sputum and tracheal aspirates, and 19% from blood samples (19%). The high rate of MRSA infection in wounds might be due to the increased chance of MRSA infection in deep-seated lesions (Shittu et al., 2011) . Alanazi (2009) reported that 28% of MRSA isolates were cultured from the skin and tissues. The epidemiology of infections caused by MRSA is rapidly changing. In the past 10 years, MRSA infections have emerged in the community. The MRSA clones in many countries have mostly been associated with skin and soft tissue infections (Deresinski 2005; Chambers 2005) . The majority of patients with MRSA were Saudi (78.2%), followed by Pakistani (5.8%) and Yemeni (2.9%) ( Table 2) . Similarly, Madani et al. (2001) found that number of Saudi patients with MRSA was more than two times the number of non-Saudi patients. This is explained by the fact that most patients admitted to the hospitals during the study periods were Saudi men.
The study showed that the resistance rates among MRSA isolates were 100%, 100%, and 0.9% for penicillin G, oxacillin, and vancomycin, respectively. Thus, β-lactam antibiotics such as penicillin are ineffective against S. aureus. Most clinical MRSA isolates were susceptible to vancomycin, whereas sensitivity to other drugs was poor. This indicates that vancomycin resistance may also spread. Therefore, among carriers, patients, and health care workers, it is important to continue to isolate and identify MRSA so that the effectiveness of newer glycopeptides such as teicoplanin can be monitored regularly. Statistically, our data showed an extremely significant correlation between the resistance to oxacillin and the resistance to gentamicin and erythromycin (p > 0.0001). This study also supports a relationship between oxacillin and aminoglycoside resistance in MRSA (Kim et al., 2004; Schmitz et al., 1999) 
